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ABSTRACT

The transmission of high resolution raster images over low-bandwidth
communication lines requires a great amount of time. User interaction in
such a transmission environment can be frustrating. The problem can be eased
somewhat by transmitting a series of low resolution approximations, which
converge to the final fimage. Several methods of computing such a series of
images are presented. Each is related to a particular type of pyramid data
structure. They rely on the ability of the local display device to overpaint
an existing image, and generally require some transmission and computation
overhead. However, one of the methods requires no transmission overhead and
only a small amount of local computation. A notation is introduced that
permits concise descriptions of the image refinement processesvi,r"
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INTRODYCTICY

Raster graphics displiay devices are cavable 0f rerproduciay very
complex imajes. Unfortunately, they are often connectal to tue source
of thos2 1imajes, a large mainframe ccaputer, bv iow—pandwiutn data

linkse. Thi makes it difficult to interact =2fractively with tne

wu

display whken it is b2ing used to disvlay the imagjes for walca 1t 4as
aaie (>ften full-color, typically 512*3512 pictur2 eizm2nts (pixels)).
Iransamitting such an iamage over a 1200 oaad 1lin2 can take aair 4.
hour, ©O©r loagar. If it is being displayeé on a line-tv-i1ine bvasis,
then it may be 15 or 20 minutes before tae user has any notionL Ol waat

the £inil picture will pe like.

This problem <can b2 alleviated somewhai wy sendinyg, and

displaying, a series of 1images wihlica converge to th2 fiadl, Lull
rasolutioun picture. Successive 1mages are refineaents Oof e€driicr ;
inages, and approximations to the original iuwajz. The primacy
advantagye of such a scheme is tarat glovbal sStructurs 1o tee  lLwage
becomes apparent very early in the dispiLay Drocess, allowli, the user

td begin to examine the picture, and evea interrupt tu2  iispiay  Wuel

4

[%

satisfi2l witih the approximation. The Jisadvantages lle in (possibay) 1

increased storage or coaputation costse.

In this paper, we prescent several wmethiods oL computing suach

»

series 9L CoOnverging 1uajes. All oOf tuese uetnods are rased uLoun
: pycamid data structures ([Taaiaoto aud 2avliidis, 1995 1 e
* P
%§~ dizferences between the metaods are relited to t.e Caoices aaue 1L the ,

design >f pyraamid Jata strictures. ]

)
:
|
|
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PYRAMID DATA STRUCIUKES

A pyramid data structure consists of several levels, aumbered

0-L, where 2ach level is a 2-dimensionLal raster i1magye. Levei L 1s the

most detailed (finest resolution) imaqge; tkhe otuers are derived £roa

it, and

are approximatioas to it. (Figqe 1) Th2 value of a pixel 1in

ievel k is a function of tne values or the pixels 1a an «@x¥ window 1in

lavel «+1.

are:
a)

0)

Thus, the relevant parazeters of a pyraaid data structure

X,7 : the dimensions of Level L,

M,¥ : the dimensions of the reduction window,

the reduction rule.

Usi1ally, the reduction window and the original izage are square

(M=N, Z£=Y=(4%*x%L)), but these conventionus Zan be relaxsd, at soue CIST

in coaputational complexity. The reduction rule can e anyv reascnasle

function
Mode, Sun

pixels).

of

’

the pixels ia the wiadow (C.ge., 41n, :f3Xx, 42au, Yedian,

Selection, or their exteasioas f£or haudlinyg coiored

In subsequent sections we shalli iutroduce COLwdlas woiCu Lel€r %O

pixels in

rm

pyraaids, and in order to simplify ta2se refereuces we

denote by (k,i,j) th2 pixel in level k at the itia ro«, Jjtua coluama.

The set

0<j<N**k} .

of

all pyraanid pixels is P={(k,1,73) 1 O<k<L, 0L1<ui**g,
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NCTATION PCR RASTER OPRRATICHNS

¥ aow oceseat-notation that caz conveniern+tly be used to represent
manv of the processes discussed ir this paper. In particular, the
uotatisn will permit us to concisely describe the progressive
sequences of images that our methods produce. W2 begin by introducing
several "iconic operators." Taese manipulate image data ty acting on
grey-valued (or colored), arbitrarily~shaped ra23yions of the picture.
¥ore pracisely, each iconic operator is either a birary operator
(taking two overanlds) .or a unary operator (taking one operand), and
takes operands which are "colored subsets of GRE." &RE (the I'raster
tegion”) is an £ hv Y arrav. Taus,

BE = (0,0) 0 e1) seveo(@¥=1),

'110)1(111) l"‘l‘1lY-1)l

(x-1lc) I(‘(_1I1) aooo'(:(-1,y-1)}

C = {CO,C-!’O .o ,cnc'l}

te A set of solors (2.9., <combinations of red, green, and Etlue,
realizable on a par*ticnlar raster displiay device). Ve assuae “hat two

soecial colnars, plagk a

i T

ol dnite,

(1)

re in C., Then if SgFR and £:15->C,

"

i
M
i
w
q
wn
-
"
-
0

1 ¢colorsd subset of Bk, An altesraative rnaaze for the

n
o]

concept of a colorel subset 5f R2 is "partial picture" since a coiored
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subset of RE is 1in actuality completely described ky the partial
fuaction £ from KRR to C. However, the exolicit nention of the domain

S of £ simplifies our subseguent discussion of iconic operators,

For completeness of our basic terminology, we l2t F be the set ot

all coloring functions f and let Fg be the restriction of F to ({S}.

Thus the colored subsets of RRX are the elements (S,f) of 2“3(? such that dom(f) =

The repainting operator, 3, is a binaryvy iconic operator whose action

is describted as follows:

where

S3=85,0 S,

f3 : SS*C such that

fa(x,y) = ’fz(x,y) if  (x,y)es,

fl(x,y)‘ if (x,y)és2

but (x,y) s,

" (undefined otherwise)

To> "repaint" using two colonred subsets of RRK, we @makxe the —resulting
subset be the union Of the two given, and defin2 a coloring fuaction
for it as £ollcws: the pixels common to the two origircal subsets get

th

@

color from the second subset, A1l other pixels of tae new subset
get tke color originallv assigned to theam., It is easy to see that <

is associative dut not comautative, Thus Wwe write




3 .
;1 (S32£1) = (SLE1) 8 (S,,8,) 8.0 %S _,£ )

4vith th2 understandiag that—the order of the terms is fixed. Another

binarv iconic operator makes use of distinguished colors, black arnd

white, and an assumed colnr complement permutation Ac :C->C satisfyiny

E . _ - - nc(uc(c)) =c

and

L (black) = white.

The left complement operator /C is defiped as follows:

(Sl’fl) ¢ (Sz,fz) ® (Sa’fa)

waere

= |
s, = 5,Us, i

fa(x,y) s fl(x,Y) if (x,y) €8, but (x,y) t32

fz(x,y) if (x,y) ¢ Sl but (x,y) e S,

. i
fl(x,y) if (x,y) £ Sl and (x,y) ¢ 82 |

and f,(x,y) = black

ﬂc(fl(x,y)) if (=,y)ce Sl and (x,y)e 82

and f2(x,y) = white

(undefined otherwise)
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Ia the iLeft compleaent operation a pixei in S

5 comiung from 5, keeps
its oriqginal color if either the pixei ioes not belong tdo S, or tnae
pixel ba2longs to 5, aad is colored ©bplacke. If the pixel froa §;

belénqs to S, and is colored white (by £,) the pixel is given the
complema2ntary color in (Si'fa)‘ A point in S, but uot 1n S, xeeps its
c3lor in 33. The operator is defined so as to perait (S,,f;) to act
as a "switch picture" to selectively coaplemeat zolors of pixels £froa

8, +8,¥s

Wh2n 211 its results ars defined, tne 1lert <Ccooplement oferator
like the —repainting operator is not coamutativ2 but is associative.

Thus we writ2

m o p

(Si’fi)

with unambiguous interpretation.

#e will wuse another operator, tne "plowup" oODP=2rator as an
interiice between pyramid and raster representaticns. Tals ogZerator
is aot strictly iconic since only its result (ratner thaa both 1ts
opearand 1nd result) is a coldred subset Oof KF. Tne blowup operator 1s

defined as folilows:

B: PXC-’ZRRXP

B((k,1i,3),c) = (S,£) where
s = { (x,y) | i*M¥*#k<x<(i+1)%MA%, and

JENERR<y<(J+1)%N*%RK }

and £(x,y) = ¢ (uniformly).
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Tha blowup operator traanslates a pvramid pizel and 1ts color iuto a

coccespondingy region in the detailea raster rejion, colored with tae

salne color.

Both the repainting operator and the left cowmplewent operator

take twd> arquments and are thus binarve Althouga we shall not need it

-

here, one may define a unary coaplenent operator:

845, 8F = (8,8,
where
S

2 * 5

fz(x,y) = wc(fl(x,y))




NAIVE 4ETEHCD

Assuming that a pyramsid data structure %as p22p built, there is a
straight-forward dgsplay tecanique which aepenis only on tae apiliry
of the local processor to »raimt rectangular regions on the screeu (or
in a frame tuffer). The pyramid is siaply transmitted "top-down".
Each level is sent in the usual raster scaia order, and used to
overpaint the existing image. First, level 0 (1x1) is painted as a
single block, covering the entire screen. Than i2vel 1 (idxN) is sent
and displaved, again <filiing the entire screeu., Successive ievels,
rejuiring ever increasiang aumouats of time to transait aund display,
serve to continually refine the detalls of th2 image on tue scCreeil

(see Figures 2 and 3).

This method can be used to display aav pvyramid data structure,
regardless of the choice of reduction window si1z2 ani reduction rule.
tiowever, since =2ach level i3 seat in 1its entirety, all or tae criort
devoted to sending levels 0-(L-1) is "wasted" wuen ievel L coapietelry
overwrites 1it, When the reduction window is 2x2, tais uweans a 33.3a
increass in transmission tiae for tue rfull resolution pilcture. 441S0O,
there must be a small amount of jocal (to the display) computation and
state, which interprets the sejuence of pixeli values anc Keeps track
of such things as the current level, the position within the current
taster scan, and the size of the rectanyles to be praintza. 1\ sxili
amount of praliainary iaformation may need tOo be traaswitted 1a Oorder

to 1initialize this local coaputation. Tuls transmaission overunead is

negligible, howevera
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Th2 progression of imajes produced by the pnaive receiver 1is

dascribed by:

L
(RR,£) = % % Bltksds 300, . )
k=0 0<i<2k Ferts3
0<j<2k

where

EWE

is the z3lor (value) of the pixal (%,i.1.

The order of terms for the second repainting oparator does not
affect the final result in this case. However, the progression of
inages is affected in that the oraer of repainting twa2 Dbiocks 22 a
siagle laval depends oa tae «ay this operator's 1indices are
intecrpcated. WYe can siaplify tais expression 1L we assuame that < Wwilil

bDe the slowast index to iacrease:

g )
5]

e

(RR’f) = 1 B((k’i’j):ck
0<k<Ll 2
o<i<2k
033<2k
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begin "send imzage"
for level := 0 step 1 until L
d0 bejin "send level" /
for vy := 0 step 1 until (li**level) -1
do begin "send scan line"
for x := 0 step 1 until (#**level)-1
do0 Send (Pyramidf level,x,vy 1)
end "send scanp line"
end "s=2pd level"
end "send image"

NAIVE R

]
(@)

EIV

(O]
2]

begin "receive image"
for level := 0 step 1 until L
do bejgin "receive lavel"
for v := 0 step 1 until (N#**level) -1
do begin "reca2ive scan liane"
for x := 0 step 1 until (Y**level)-1
do begin "receive pixel"
Receive (pixel);

X1 = X ¥ ScreenilaxX / (M**level);
x2 := (z+1) * ScreenMaxi / (A**level)-1;
y1 := A4 ¥ Screendax? / (U**lavel);

y2 {y+1) * ScreenilaxY / (N*¥*level)-1;
SetColor (pixel);
PaintRectangle (x1,v1,x2,72) ;
end "receive pixel"
end "receive scan line"
end "receive level"
end I'"receive image

page 11




The pre

used kanowla2

i1aZormation.

which, once

ovarpainted.

K

s

1,1

]

v

imaqes 4111

"Tanimoto, 1

This me
values 1is

suchk 35 Mode

window has ¢t

coherence of

lass probable as the grey scale or color resoiution 1S i1ancreased.,

Cnce ag

that e only sead a quadruple to

cases, #e are quaraanteed to have correctiy vainted at least 1/(a%xy) of

EXPLICIT REPAINTING

vious method used a rfixed orler of pixeli trausamissicn, and
ige about this order to aveid seadiung auy positioniag

In this method, we take the via2w that the spatial

the 1iaage 1s such that there are ldarye, homoyeueous areas

painted correctly in a low resolution image, nz2ed not Lo

This 1s often the case in binary iaages, aad beccaes

Th2 transmitted inforaatiown consists 0L a2 s2juence OL JUAALuDies

(k,i,i,v) , where:

Level number,
Coordinates of a pixel at taat Level,

The Color (or Value) of tunat pixel.

e

ila, we transmit the pyramid from the top dowa, excep

& pixeti 1f 1ts Vaiue is different

n

than the Value of its Fatier (ia thae previous Level). The aisgplavel

IS

i
.

be the same as those proauced by tae ¥Yaive metinl, out th

display speed wiil depend strougly upon the Mpyramid cowplexity"

9771 of tae imAagc.

thod is most likaly to De useful Wwhen tue range O plgels

small, and when the pyramid is grown by a rteductioa rule

(Value of Father = aost cedaaon Value of Soas)e. Ia these

the pixels at a given level, since at least oae Sou li averv reductid.

he same value as tae Tatauer Of tiuatc 41indow,e
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This m2thod is unsuitadle for tune display ol pyranids grosn LV
teduction rules (€~Jde, Ndean) which 30 not Juirdaute2 @xact gaccues
between Father and Son pixel values. 1 these cases, the overheaa
involveld 1in speciiying tae level and coordinates oif cach pixel will

outweigh the savings made by aot sencing every pixel.

A special case arises when tne imajes are binhary (J/1). In taat
case w2 are guaranteed that at least 1/2 of the pixeis at a given
lavel are already correct. In adaition, e can dispa2aose wita tae
fourth =element of every quadruple. #e aiopt th2 conventiou tnat the
screen is originally blank (say, all 0's). We may refer to tuls "Zero
image” as level -1. Then, the Value of 31 given guadruples 1s uniguely
determined. Hence, it need 1ot be seut., Instead, th2 meaniug of tae
triple (k,1,j) becomes "coanlemeat the plock correspouding to position

(i, j) at level k" [Tanimoto, 1977 ]

Of course, if we do not restrict ourselvas to pyvraaid data
structures, there 1is a large ciass o: Successive refinecent dispiay
m2t hods based on the use of smailer and smallar rcactanjuiar (or otacr
shaped) blockse. Tha tradeoffs are auch the same as those adaressed Ly
divide~and-coaquer hiiden surface algorithas [Warnock, 1%0%]. Note
that the (k,i,3) triple is smaller tnaa tha (X1,Y1,XZ,¥Y2) yuadrug.ie
needed to specify an arbitrarily placed rectaaqular blouck, Dut tcat
arbitracy placemeat allows faster localizatioa 2f 231yes walca 40 udt
li2 on the pyraaid's reduction window Ubouadaries. Allowlag aricitrarcy
placewent 0f blocks also raises the gilestion Oof efificienat wetaods of
deternining an optimal painting sSequenceca Suca consiueratioLs arce

beyond the scoupe of thais work.

s, et AN N s T s K N 0 b e il i MR R i v ke ui
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We describe the progression of images produc2d by the expiicic
repainting raceiver as follows:

%q

(RR’f = % F ,. 2] )
) a ((kq i jq) cq)

Here the sa2quence of quadruvnles sent by th2 2xolicit repainting sender
1s representa2d by:

(kl’il'jl’cl)’ (k2'i2’jz’c2)"'.’ (kn ’in Py ) .
S 9 49 9

In the afor2aentioned special case waere bdinary (black/white) Liaages
are coacernad (and the value of a gyiven gquadruple need not be seut,
since it is iamplicitly the opoosite of its (fathar's wvalue), we

describa ta2 2xplicit repainting receiver's ictidos as

(RR,f) = B(0,0,0), black) ¢ | ¢ B((k_,i ,jq), white)

Thas, successive r2fining in this case 1s ejJuivalent tO Successive

coaplementation of the coloar of subbiotkse
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EXAPLICIT REPAINTINS SENDER

bpegin "send iasagen
send(0,0,0,Pyraamidr 0,0,010);
for level := 1 step 1 until L
| do oegin "send level"
| for v := 0 step 1 until (¥N*#*level) -1
‘ do bejin "“send scan iLine"
f for x := 0 step 1 until (4**lavel)-1
| 10 begian "send pixel"
| fatner := Pvranidf level-1,x/4,y/%1];
F son :s= Pyramidf level,x,v 1;
f if son NEQ father
theu Send(leveli,x,y,son)
b end "send pizxel"
end "send scan Liae"
enl "send level"
end "send image"

SXPLICIT RZPAINTING RECEIVER

beqin "receive image"
while TRUE
a0 begin "another pixel"
Raceiva(level,x,y,pixel);

x1 := X ¥ Screendax{ / (idx*]level) ;
X2 := (x+1) * Screeniaxf / (i1**level)-1;
Yl = y ¥ Screentdaxy / (N¥*level);
y2 := (y+1) * Screentax(! / (N*xlevel)-1;

SatColor(pixel) ;
PaintRectangle (x1,y1,x2,v2)
end "aanother pixel"

and "receive image"® {




OMIT RZDUNDAMT PIXZLS (SU4)

Th2 Maive acthod madec use 0 a specific ordariny of the pirxeds 1L
the pyramid, and the Zxplicit Repaintinj aethod used knowledge (on the
Seadec's part) about oreviousiy seut pixels in order to avoid secadilig
"reduadant" inforaation. Ia this metuodd, #e r2ly upon kuowledge on
the kecaiver's part about the values oI previously sont pixeils aau +he

reduction rule used in growing the pyraaid.

Assume we are wOorKing 4ith scalar pixe. valies (Ccolor 1s candled
by assiming we have three scalar-valiied 12a42s). Sup.dose taat tao
reduction rule was Sua (Value or Fatuer = Suw Oi Valles OI 50LS). ae
ficst aote that each level of the pyraanid requires a differeut numcer
of bits to represent each pixei. alen the reduction Winfdosd 18 2%2,
level k-1 roguires 2 more bits per rpilicel taan level ke Jdext, «e sce
that if #4e know the values Hf the Fatier and alli but one 9% tre Sous,

then we can derive the value Of the last Sole. FOor exaupie, Wit a 2x2

reduction windiow,
soaf 1,11 = Fatner - (Sonfd,0 ]J+s0n{ 3,1]+50n{1,0)

Now, 1f the wvalues orf previousiy sent (p1Xei3 3ACe reaiisxv
available to tae Receiver (i.e., tae curreut imaje 1s stored 1u Llocal
memory which can be read ©py tie Receiving proacess), thewn we Ccau
tcansmit the 1image as in the Yalve we<hod, eXZ2pt thuat we ouit she
last pixel in cach reduction wiudowe “he Receiving process aust

anocopriately scale all vilues for display purnoses, ana cCoupute =.ae

vaiues of th2 "aissing" pix2ls.




Note that the Receiver may taxe advapntaje oOrf the iucreascd
grey-scale resolution imn the lower spatial ra2sosution levais. For
example, an image which 1s oinarv at level L can be displayed as a
grey-scile 1image at earlier levels. This can be done cither by using
a grey-scale display device or by using half-toning tecuulques to
shade the rectangular blocks on a binary display. This use of extra
grey-scile resolution @aay significantly Laprove tne ear iy

approxisnations to the final image.

E Since we omit on2 pixel in each roduction window, the total

nunber Of pixels transwitted is i*7, tne number of pixels 1n level L.
However, since pixels at different levels ra23ulirz aore bits to
specify, th2re 1is some transmission overhead invoived, The absolute
oaverhead is independent of the nuaber of bits per pixel in level L.
For a 2x2 reduction window and 12 bits of information for caca (level

L) pixel, th2 traasmission overhead 1s 3.3%.

Th2 progjression of images produced by this receiver 1s identical

to that produced by the naive receiver.

e




O4IT TFERDUNDANT PIXELS (SUM) SEYDPER

beqin "seud image"
for level := J st20 1 until 1
d0 begin "senl level"
far ¥ £ step 1 until (Y*%=level) -1
in "send scan line"
for ¥ := 0 step ' uantil (M*%level) =1
1o hegin "sendl nixel"
if ((vy %0D %) ¥BQC ¥N~-1)
OR ({x 3CD 4) MTQ #=1)
2k (level = Q)
+hen Serd (2vraaidl level,¥,v])
end "send oixel"
2nd "send scan line"
end "send level"
ead "send imaje"

O41IT REDUNDANT PLYILS (ST#)y BECEIVER

beain "receive image" -
for level 1= € step 1 wntil L
io begin "receive level"
for v := 7 step T uptil (N=#*lasvel) -1
do begin "recsive scan line"
for x 2= 7 step 1 until (A**level) =1
io begin "receive pixel"
if ((v €D N) MTC ¥-1)
OF {fx MOD %) NEC 4=1)
CR (lewal = J)

then Receive (npixel)
€lse pixel := Fa<her(x,v)
, - SuaPrevinousSnns(x,v):
f SaveValue (lavel,x,y,rivel) ;
SetColoacr (prxel/( (4*V) *%]lavel)) ;
Xl 3= X *¥ Screa2ntaxX / (A**xlevel) s
x2 := (x+1) * 3creealaxX / (W*x%*lavel)~1:
vyl &= v & ScreeataxyY / (Nx=xlcsvel);
1 v2 2= [v+el)] ® sereearaxyY / (N¥%*lzvel)= 1:
Paintliectaugle(x1,v1,X2,vZ)

enl "receive pixel®
end "receive scan lines"
ive lovel®
-




OMIT REDUNDANT PIXELS (SELECIIVN)

l'he previous method can be generaiiz2d to 4221 wita any ceauction
rule which allows the derivation Of tae Value of a single Son pixel,
given the Values of the Father and the remaining Soas. In particular,
if the reduction ruie is Selection (Value of Fatker = Value of
Soni x',v'1), then not only caa we avoid sending Son{x',y'], pbut we do
ndt even have to derive 1ts value! w“aen the othar Sous are
trausmitted and painted on tae screen, s0n(x',v'] is already correctliy
painted on the screen. The area correspoanding to Son[ «',y' ] was
painted whean the Father was painted, and Jdo2s not nesa <©d be
repainta23. The iamportant point 1s that botua the Sender aud the
Receiver can know this. s above, ¥ @must trausait K%Y pixels.
However, due to our choice of reduction rule, all pixsls reguilre the
saae number of  hits. This @eans thaat taere is ansoiutely no
transmission overhead, compared with & rCow-by-row paianting oi level L.

The advantages of =zarly presantation to tae user of a complete, albeit

low resolution, image are J2pbtained at che pric2 of a smal.i amount of
comnputational overhead. Also, it 1s @Ot necessary to store tae diaage
in £fast m2mory acc2ssible to tne Receiver, siac2 n) operatioas otaer

than display are requirede.

The values transmitted correspond exactlv to tue values oI the
pixels i1t level L. The order 1n wuich they are sent is tnc ouly
difference between this metaod and the traditiounil row-Ly-row raster
SCaL. Just as tae Receiver amust uanderstand the ordering of the usial
raster scan, tae Receiver for tais nmethol wust understand, 4and

properly 1interpret, this orderinge If the tiae to W#Cite a larCge

. . '3 -
R PR~ dyRote: T
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O4IT REDUNDANT PIXLLS (SZILECTION) SEKDER

begin "seand image"
for leval := Q0 step 1 until L
d> begia "send level"
for v := 0 step 1 until (N#**level)-1
d> begin "send scan line"
for x := 0 step 1 until (Hd**level)-1
do begin "send pixel¥
if ((vy 40D N) NEQ Q) OR ((x 40D ¥) NED 0)
JR (level = Q)
then Send (?yramidl level,x,v])
eni "send pixel"
end "send scan liane"
ecd "send lovel"
end "sernd image

OMIT REDUUDANT PIXELS (SELECTIO&) BRECEIVER

tegia "ceceive image"
£or level := 0O st2p 1 until L
do begin "receive level"
for v := 0 step 1 until (N=*xlevel) -]
do begin "receive scan line" g
for x := 0 step 1 uatil (M**level)-1
do beyin "receive pixedl"
if ((y 40D ¥) NEQ O0) CR ((x 40D ¥) N¥®TQ 0))
IR (level = 0)
then beyin "overvaint with son"
Receive (pixel) ;
SetColor (pixel);

1 = X ¥ Screendaxi / (M*x]lecvel);
X2 := (x+1) * Screendaxif / (4**level)-1;
7l 5= ¥ * ScreeaMax¥Y / (Nxxlavel);
y2 := (y+1) * Scre2anMax¥ / (d**level)-1;

Paintrectangle (x1,vy1,x2,72)
end "overpaint with soa"
end '"receive pixel"
end "receive scau line"
epsd "receive lavel"
end "receive iaajec®
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INEERACT I¥E DET

All of the above metnols caa be wro

AILING

dified to allow the observer to

dicrect the successive relinement process. Onc2 tne 2ntire iaaygye has
- |

been paianted to some minimua resoiLution, the user may laterrupt tue

transmission of the image and iandicate

The refinement process is tneu Lianited
This will preveat ta2 traasaission orf
image whlch are uninterestiag to the

refinemant of the important detaiis.

®

The Explicit Repainting scheze is
since tne position aui extent of eack
specified., The other metuods rely upon
valaes, anrnd @must be extena2ad to deal
user-spacifiezd windowing operation, a

information must b2 transmitted, td> re-

an area to ke refianed furtuer.
to taat area  of tae ipaye.
information about areas of the

aser, ani gliow w@wuch Laster

tae easiest ore to aodify,
Eectangular Liock is coup
a Zixed, known order ui pixedi
“with laterruptions. Azter eaca
small aaount Of bookkeeping

znitialize tue Recoeiver.




TRANSFORM MET!IODS

All of the zet aods discussed apove yield a "series"
representation of the inage, aund have tae "“prafix property". Taat is,
truncating tue series at any point g¢ilives an Aapproximatiou to the
original image. There are, of course, other repr2seutations witi tais
property. Two which Lave Dbeen used extensively 12 1magye processing
ace the Fourier and Hadamard transforms [Andrews, 1Y70]. The priamary
difficulty with such methods is the awount of computatiocon required to
turn th2 r2presentation into a visibie image. 1L this is tc be doue
only once, after complete traasnission of the (tranca ted trazsfora,
then this @might not be a serious objection. However, 1t is not
inmediately clear how to extend these wethods to interactive detailing

in the spatial domain.

Th2 nsthods we have described have che additionali property taat
they are well zmatched to ta2 display capabilities of availacle raster

gcraphics equipment. For exanmple, painting 3 Eactangular block iIs

esseatiilly <£free on @many display devices. Also, our aethods can
easily be implemented requiring neither muitiplication nor division
operatidas. Siace the display equivaent proviies tie transiorcn

L}

inversion, tais aeans that rapid, repeated, iacremental conversion O

the series representation 1nto a viewabie iwmage is feasible,




CONCLuUSION

Th2 wilespread use of high resolution raster grapuics displavs
¥ill regquire effective use of low bandwWwidth commuunication iLlhes. ue
have presented several amethods Of transaitting raster 1mages waica
provide early recogrition of gross features and shich are weil matched

} to available display devices. Tiae use of these m2tLols 1S by LO weaus
restrict=zd to display applications. They are suitable for auwuny
1 situation in which the Receiver <caa wmake use 0of 3 low-Cesolution

image, especialily when the regquired resolution is not known a priori,

Cngin
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Figure 1. Pyramid data structure with mxn reduction window. Each level
(e.g. level k) is an mkxnk pixel array where O0s<k<L.
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